Vol. 59 DUTTA, KRISHNAMOORTHY, and DASU (Haki and Rakshit, 2003; Wheelwright, 1987) . Chromatographic techniques are widely used as high performance purification steps in biotechnology (Kumar et al., 2011) . Therefore, it becomes necessary to develop strategies for the purification of individual enzymes. Source dependent variation in optimum pH, temperature, metal ion requirement, substrate specificity, inhibition pattern and molecular mass of cutinase from a fungal source has been studied (Purdy and Kolattukudy, 1975; Rispoli and Shah, 2007; Soliday and Kolattukudy, 1976; Trail and Koller, 1993; Wang et al., 2000) . Though quite a few studies have been done on cutinase production from bacterial sources (Fett et al., 1992 (Fett et al., , 1999 (Fett et al., , 2000 Lin and Kolattukudy, 1980) , the enzyme was purified and characterized only from two sources, Thermobifida fusca (Chen et al., 2008) and Pseudomonas putida (Sebastian and Kolattukudy, 1988) .
In our previous study, different microorganisms were screened for selecting high cutinase producers. Among the tested microorganisms, Pseudomonas cepacia NRRL B 2320 was found to be the best cutinase producer. In the present study, attempts have been made for the purification, subsequent systematic biochemical and biophysical characterization, identification, cloning and expression of cutinase from Pseudomonas cepacia.
Materials and Methods
Bacterial strain, plasmid and growth conditions. The bacterium used throughout the study, Pseudomonas cepacia NRRL B 2320 (also known as Burkholderia cepacia), was procured from Agricultural Research Service (ARS-Culture collection), USDA, Peoria, IL. The organism was grown on nutrient agar medium at 28 C. The organism was sub-cultured every month and maintained at 4 1 C. E. coli DH5α was obtained from MTCC, Chandigarh, India. E. coli BL21 (DE3) and pET22b (+) vector was procured from Novagen, Inc., USA. Both E. coli DH5α and E. coli BL21 (DE3) were grown in Luria-Bertani (LB) medium at 37 C.
Enzyme production. The following medium was used for the production of cutinase (g L 1 ): beef extract 4.0, peptone 17.77, urea 5.0, KH 2 PO 4 3.0, KCl 0.6354, MgSO 4. 7H 2 O 5.55 and cutin 10.06. Initial pH of the medium was maintained at 7. A 2% of inoculum from the above seed culture was added to 200 ml of the medium in 1,000 ml Erlenmeyer flasks. The flasks were incubated in a shaking incubator at 28 C and 180 rpm. After 96 h fermentation, the cells were centrifuged at 10,000 g for 10 min at 4 1 C. Enzyme purification and quantification. All purification steps were carried out at 0 4 C unless otherwise indicated. All chromatographic runs were monitored for protein at 280 nm.
Ammonium sulphate precipitation. Finely powdered ammonium sulfate was added (20 80% saturation) to the clear supernatant obtained after centrifugation with constant stirring and incubated overnight. The precipitate was collected by centrifugation at 10,000 g for 30 min and dissolved in minimal amount of 20 mM Tris HCl buffer (pH 8.0) and dialyzed against the same buffer for 24 h.
CM cellulose chromatography. The dialyzed ammonium sulphate fraction was applied to a 2 cm 50 cm CM-650 TOYOPEARL ® column (Tosho Corporation, Tokyo, Japan) pre-equilibrated with potassium phosphate buffer (20 mM, pH 6.5) at a flow rate of 1 ml min 1 . Protein was eluted using a linear gradient of NaCl (0 500 mM). Active fractions were pooled, dialyzed and concentrated.
Sephadex G-100 chromatography. The concentrated fractions from the above step were further purified on gel filtration chromatography using Sephadex G-100 pre-equilibrated and eluted with Tris HCl buffer (20 mM, pH 8.0). Active fractions obtained after the gel filtration chromatography were pooled separately, dialyzed and concentrated.
Sephacryl S-300 chromatography. The Sephadex G-100 concentrated fractions were further purified on another gel filtration chromatograph using Sephacryl S-300 pre-equilibrated and eluted with Tris HCl buffer (20 mM, pH 8.0). The active fractions were pooled, concentrated and dialyzed against the Tris HCl buffer (20 mM, pH 8.0). This concentrated fraction was stored at 20 C till further use for characterization.
MALDI-TOF-MS analysis. The intact molecular mass was also determined by matrix assisted laser desorption ionization time-of-flight (MALDI-TOF) mass spectrophotometry. The matrix was prepared in deionized water containing CHCA (10 mg ml 1 ), 50% acetonitrile and 0.1% TFA. Cutinase was mixed with the matrix (1 1) and 2 µl of the sample was spotted on a plate, dried at room temperature and analyzed.
Cutinase assay using p-nitrophenyl butyrate (p-NPB) as substrate. The activity was measured by following the hydrolysis of p-nitrophenyl butyrate (p-NPB) (Sig-ma) as substrate as described by Dutta and Dasu (2011) . The reaction was monitored for 15 min at 37 C and absorbance of released p-nitrophenol measured at 410 nm. One enzyme unit is defined as the amount of enzyme required to release 1 µmol of p-nitrophenol min 1 under assay conditions.
Cutinase assay using p-nitrophenyl (16 methyl sulphone ester) hexadecanoate (p-NMSH) as substrate. The cutinase production from P. cepacia NRRL B 2320 was confirmed using a cutinase-specific substrate, pnitrophenyl (16 methyl sulphone ester) hexadecanoate (p-NMSH), which was prepared in our laboratory according to the method described by Degani et al. (2006) . Assay was performed using the method described in the enzyme assay, with the change in incubation period for 1 h instead of 5 min at 55 C. One unit of enzyme activity is defined as release of 1 µmol of p-nitrophenol per min.
Effect of pH and temperature on activity and stability of purified enzyme. The optimum pH for cutinase activity was determined under the assay condition over a pH range of 5.5 10. For pH stability studies, the enzyme preparations were incubated at pH of 5.5 10 for 24 h at 25 C in the absence of substrate and residual activity was determined. The optimum temperature range for enzyme activity was determined by incubating the assay mixture at different temperatures ranging from 30 to 80 C. The buffers, potassium phosphate (50 mM, pH 5.5 7.5), Tris HC1 (50 mM, pH 8.0 9.5) and sodium carbonate/bicarbonate (50 mM, pH 10 11) were used for this study.
Effect of various effectors on cutinase activity. Various effectors like metal ions, organic solvents and surfactants may either positively or negatively influence the cutinase catalyzed reaction considerably (Carvalho et al., 1999; Chen et al., 2010) . Moreover, a prior knowledge of the tolerability of organic solvents and surfactants would be adventitious in industrial applications of cutinase like, esterification and transesterification reactions, where organic solvents are preferred over other media for catalysis and use in the detergent industry (Carvalho et al., 1998 (Carvalho et al., , 1999 Dutta and Dasu, 2011) . The enzyme activity was determined in the presence of different effectors (metal ions, 2-merceptoethanol, EDTA). The purified enzyme was incubated with various modifiers at 37 C for 5 min, and the residual activities were then measured. In the organic solvent stability test, the enzyme was incubated in 75% of different organic solvents at 30 C for 4 h. In the surfactant stability test, the enzyme was incubated with 1 mM and 10 mM solution of different surfactants at 37 C for 5 min. The remaining activity was measured with p-NPB as the substrate and expressed as relative activity compared to surfactant-free controls.
Substrate specificity. The cutinase activity was monitored separately using p-nitrophenyl valerate, caproate, decanoate, laurate and palmitate as substrates. The activity was expressed as relative activity as compared to activity with p-nitrophenyl butyrate.
Kinetic analysis of cutinase. Kinetic studies were performed with p-NPB (0.05 2 mM) as the substrate using the continuous spectrophotometric assay as described above. Initial reaction velocities were calculated from the linear region (60 s) of the reaction progress curve and measured in triplicate by varying the concentration of the substrate. Apparent kinetic constants K m was calculated from a double-reciprocal plot (1/v vs. 1/[p-NPB]) of the initial rate data. Results are the average of triplicate assays. k cat was calculated on the basis of the molecular mass (26.5 kDa) of the enzyme detected by SDS-PAGE.
Optimization of physical and chemical parameters for cutinase assay. Central composite design (CCD), a statistical design, was used for optimization of reaction parameters. The parameters were divided into two categories, viz. chemical and physical. The chemical parameters considered for optimization were substrate and enzyme volume. On the other hand, pH and temperature, the most influential physical parameters on the enzyme activity were selected.
Fourteen experiments were augmented with six replications at the center points to evaluate the pure error. The quadratic model for predicting the optimal levels was expressed according to Eq. (1). (1) where Y is the predicted response, k is the number of factor variables, X i and X j are independent variables, β 0 is the offset term, β i is the ith linear coefficient, β ii is the ith quadratic coefficient and β ij is the ijth interaction coefficient. The statistical software package MINITAB ® Release 15.1, PA, USA was used for experimental design, regression analysis of the experimental data, and also to plot the response surface graphs.
Estimation of deactivation rate constant. The following first order expression was used to account for the zero activity at a particular temperature and at a
Vol. 59 DUTTA, KRISHNAMOORTHY, and DASU specified incubation time: (2) where k d is the enzyme deactivation rate constant (h 1 ); t is incubation time (h); E t is the enzyme activity (U ml 1 ) at time t and E 0 is initial enzyme activity (U ml 1 ) at time t=0, The values of k d were calculated from the plot of ln(E t /E 0 ) versus t at a particular temperature.
The half-life of an enzyme was defined as the time required by the enzyme to lose half of its initial activity and can be expressed by the following equation:
Estimation of thermodynamic parameters for cutinase deactivation. In order to obtain the change in enthalpies (∆H * ) and change in entropies (∆S * ) during the enzyme deactivation process, it is necessary to make use of the theory of absolute reaction rates. The deactivation constant is expressed by the following equation: (5) where ∆G * is change in free energy (J mol 1 ). The activation energy (E A ) was calculated from the Arrhenius equation as: (6) where E A is activation energy (J mol 1 ) and k 0 is the frequency factor (h 1 ). The values of E A and k 0 were estimated from the slope and intercept of the plot of ln(k d ) versus 1/T, respectively.
Fluorescence and CD spectroscopy. The enzyme (0.07 mg ml 1 ) at different pH values (6.0 to 9.0) was incubated at different temperatures (40 C, 50 C, 60 C and 70 C) for 15 min. The change in environment of tryptophan residue present in the protein and secondary structures was analyzed using fluorescence and CD spectroscopy, respectively. The excitation was done at 295 nm and emission was measured from 315 to 450 nm. The CD spectra of the above samples were obtained from 190 to 250 nm. Identification, cloning and expression of cutinaseencoding genes. Since, there is not sufficient genome sequence information available on P. cepacia, we developed a phylogenetic relationship (Fig. 1 ) of the organisms producing cutinase based on the available literature reports and cutinase sequences in the database. The cutinase-producing bacteria showing the nearest phylogenetic relationship with P. cepacia NRRL B 2320 was selected for designing primers for amplification of the gene. Two sets of primers, Set 1 and Set 2, respectively, for NCBI Gene YP_288943 and YP_288944 were designed for the available cutinase genes of Thermobifida sp. (Accession no. CP000088.1). The first set of primers was used for amplification of gene with the forward primer 5 -GGAATTCGGATC CAATGCCCCCGCATGCGGCGCG-3 (BamHI sites underlined) and reverse primer 5 -GAAGCTTCTC GAGGAAGGGGCAGGTGGAGCG-3 (HindIII sites un-
Construction of a phylogenetic tree based on 16S/18S (Prokaryotes and Eukaryotes, respectively) rRNA of various cutinase-producing organisms reported in the literature. T. fusca (circle) used for designing primers and P. cepacia (or B. cepacia) (circle) used as the source of the organism for PCR amplification of cutinase genes. derlined) and the second set of primer consisted of forward primer 5 -GGAATTCGGATCCAATGGCTGT GATGACCCCCCG-3 (BamHI sites underlined) and reverse primer 5 -GAAGCTTCTCGAGGAACGGGCAG GTGGAGC-3 (HindIII sites underlined). Genomic DNA of P. cepacia NRRL B 2320 was prepared using the Sigma genomic DNA prep kit following the manufacturer s instructions. High fidelity taq polymerase (Phusion taq from NEB, US) was used for amplification of genes. The PCR amplicon was purified with a PCR purification kit (HiMedia, India) following the manufacturer s instructions and double digested with BamHI and XhoI, directionally cloned into pET22b (+) and transformed in to E. coli DH5α. Gene sequences of the clones were confirmed by sequencing and transformed into expression host E. coli BL21 (DE3) (Stratagene). Both the recombinant genes were expressed in TB medium at 37 C with 250 rpm shaking by inducing the culture at cell density A 600nm 0.75 with 0.6 mM IPTG. After 6 h incubation, 5 ml culture was pelleted and suspended in 500 µl of potassium phosphate buffer (50 mM, pH 8), sonicated for 3 min, and centrifuged and the supernatant was used to measure cutinase activity and SDS-PAGE analysis.
Results and Discussion

Purification of cutinase
The production of cutinase was carried out according to the method described in MATERIALS AND METH-ODS. The activity of cutinase was found to be 336 U ml 1 towards p-NPB and 3.12 U ml 1 towards the cutinasespecific substrate p-NMSH. The crude extracellular protein was precipitated by the addition of ammonium sulphate (80% saturation). The precipitated enzyme was dissolved in minimal volume of Tris HCl buffer (20 mM, pH 8.0) followed by dialysis. The result of purification of cutinase from P. cepacia NRRL B 2320 is summarized in Table 1 . The purification of cutinase involved using ammonium sulphate precipitation followed by cation exchange chromatography using a CM cellulose column and followed by two gel filtration steps (Sephadex G-100 and Sephacryl S-300) (Fig.  2a) .
The retention of cutinase on a CM cellulose column is dependent on the pH of the buffer used. The adsorbed cutinase from the CM cellulose column was eluted with a gradient of 0 500 mM NaCl. The enzyme was purified approximately 89.84-fold with an overall yield and specific activity of 17.56% and 5,359.15 U mg 1 , respectively. The purified cutinase was found to be homogeneous as evident from SDS-PAGE (Fig. 2a) . The molecular mass of the enzyme was observed to be 26.5 kDa from SDS-PAGE and 26.25 kDa from MALDI-TOF-MS (Fig. 2b) . It was also observed that cutinase was a monomeric protein from the MALDI-TOF-MS. Cutinase from P. cepacia NRRL B 2320 was successfully purified to homogeneity using Sephacryl S-300 chromatography with a 17.56% yield, which is the first purification report on cutinase from P. cepacia. Sebastian and Kolattukudy (1988) reported that the molecular mass of bacterial cutinase lies between the molecular mass of fungal cutinase (22 kDa) and pollen cutinase (40 kDa).
Characterization of cutinase
Effect of different effectors. To determine the influence of metal cofactors on the activity, cutinase was incubated with metal chelator EDTA or metal ions and then assayed for activity against p-NPB. One millimolar of divalent metal ions, Mn, Ni, or Ca did not exhibit significant impact on the enzyme activity, whereas, Zn, Fe, or Cu have shown an inhibitory effect. Some of the divalent metal ions (Mg 2+ , Ca 2+ and Co
2+
) and monovalent metal ions (K + and Na + ) were found to enhance the enzyme activity at 1 mM concentration. The inhibitory effect of Zn 2+ and Hg 2+ suggests that a sulphhydryl group may be present in the vicinity of active Vol. 59 DUTTA, KRISHNAMOORTHY, and DASU site of the enzyme. EDTA (1 mM or 10 mM) did not affect the activity of cutinase ( Table 2 ), suggesting that divalent ions are not essential for cutinase activity. The activity of the cutinase was tested in the presence of the nonionic surfactants Triton X-100 and Tween 80 and the anionic surfactants SDS and sodium deoxycholate (Table 2) . Triton X-100 and Tween 80 did not affect the enzyme activity at a concentration of 1 mM or 10 mM in the reaction mixture, whereas sodium deoxycholate slightly enhanced the cutinase activity at both 1 and 10 mM. In the presence of 1 mM or 10 mM of SDS, the activity of cutinase was decreased. A similar observation was also reported by Chen et al. (2010) for cutinase from Thermobifida fusca. The high stability in surfactants reveals that the enzyme is more suitable for any kind of detergent formulations. The stability of the enzyme in organic solvents makes the enzyme more attractive for synthetic (esterification and transesterification) reactions. Generally, enzyme catalyzed esterification reaction is used between fatty acid and alcohol to synthesize alkyl esters, but this reaction is reversible. So, at higher water concentration, the equilibrium for the enzyme-catalyzed reaction shifts to the reverse direction forming again the initial reactants. To use the enzyme for the synthesis of esters, it must have stability at minimum water concentration and with organic solvents (de Barros et al., 2009; Dutta and Dasu, 2011) . The cutinase from P. cepacia has shown better stability in the solvents, viz. butanol, isooctane, chloroform, n-hexane and isoamyl alcohol (Table 2) , than any previously reported cutinase (Chen et al., 2010) . Thus the enzyme purified from P. cepacia has potential to be used in several industries. The inhibition of the cutinase by PMSF confirms that cutinase has a serine group in its active site and thereby supports the fact that cutinase from P. cepacia also under the same serine hydrolase group.
Substrate specificity. The specificity of the enzyme towards various chain length esters was investigated using p-nitrophenyl-fatty acyl esters (Table 3 ). The enzyme showed maximum specificity towards shortchain fatty acid esters. The hydrolytic activity was the maximum in the case of esters of C 4 -C 6 fatty acid. Further increase in the chain length of fatty acid causes a decrease in activity. The enzyme showed significantly higher activity towards p-nitrophenyl butyrate than pnitrophenyl palmitate.
Kinetic analysis. The kinetic parameters for the cutinase were determined for the commonly used substrate, p-NPB. The values of K m and V max of cutinase were determined by steady state kinetic analysis (Fig.  3) . Plots of the reaction velocities versus substrate concentration (0 2.0 mM) displayed typical hyperbolic saturation curves, which were fitted to the MichaelisMenten equation (R 2 = 0.96), yielding the kinetic constants. The K m , V max and K cat values of purified cutin- ase were found to be 0.23 mM, 7.955 U µg 1 and 5 10 3 s 1 , respectively. The K m for other cutinases from T. fusca and F. solani pisi was reported to be 0.673 and 0.272 (Chen et al., 2010) . Previously, Sebastian and Kolattukudy (1988) also reported a K m of 0.27 mM for P. putida cutinase. Substrate specificity of the cutinase from P. cepacia was similar to that of P. putida and higher than that of T. fusca.
Effect of pH and temperature on activity and pH stability of purified enzyme. The purified cutinase of P. cepacia NRRL B 2320 was active over a broad range of pH (7.5 9.0) with at an optimum pH of 8 to 8.5 (Fig.  4a) . Maximum cutinase activity was obtained at pH 8.0 and 40 C, and decreased significantly (50%) when the pH was decreased to 6.5 ( Fig. 4a and b) . The enzyme showed stability at alkaline pH (pH 8.0 10.0) as it retained 90% of its original activity after incubation for 24 h (Fig. 4) . The purified cutinase exhibited maximum activity at a temperature of 37 C. The activity de- Vol. 59 DUTTA, KRISHNAMOORTHY, and DASU creased sharply above and below the optimum temperature range (35 45 C) with almost 65% loss of its original activity at 60 C (Fig. 4b) . No significant enzyme activity was lost when the purified enzyme was pre-incubated at 40 C for 60 min; beyond this temperature the enzyme became increasingly unstable.
Optimization of combined effect of substrate and enzyme volume on the performance of cutinase under assay conditions
The experimental design matrix and the corresponding results of CCD experiments to determine the effects of enzyme and substrate volume are shown in Table 4 , along with the mean predicted values. Using the experimental results of CCD, a regression model equation was developed for predicting the maximum cutinase activity given by Eq. (7). (7) where, X 1 is volume of substrate (ml) and X 2 is volume of enzyme (ml).
According to the analysis of variance (ANOVA) of the quadratic regression model (data not shown) the model is highly significant, as is manifested from the Fisher F test (mean square regression: mean square residual is 79.72) with a very low probability value (P model F is 0.0001). The goodness of the model as checked by the coefficient of determination, R 2 , implies that the sample variation of 98.28% for cutinase activity is attributed to the chemical parameters and that only 1.72% of the total variation is not explained by the model. The significant interaction between the two variables was observed from the contour plot in Fig. 5a . The optimum levels of substrate and enzyme volumes were found to be 971.4 µl and 24.2 µl (1.39 µg), respectively. These conditions have shown higher enzyme activity (6,680.56 U ml 1 ) as compared to that used presently for the analysis of enzyme activity. After optimization, cutinase activity was increased by 500 U ml 1 in the purified sample.
Optimization of combined effect of pH and temperature on the performance of cutinase under assay conditions
Each enzyme has a characteristic pH and temperature optima beyond which the reduction in activity is observed and, therefore, the effect of these parameters on the performance of cutinase was studied using a central composite design. The design matrix and corresponding results of observed and predicted enzyme activity at each combination are given in Table 5 . Using the experimental results of CCD, a regression model equation was developed to predict the maximum cutinase activity given by Eq. (8).
(8) where X 1 = pH and X 2 = temperature.
The results were analyzed using ANOVA as appropriate to the experimental design used (data not shown). According to the ANOVA of the quadratic re- gression model, the model is highly significant, as is evident from the Fisher F test (65.42) with a very low probability value (0.0001). This indicates that the combined effects of pH and temperature significantly contributed to maximizing the cutinase activity and the R 2 (97.95%) value confirmed the good fit of the model.
The elliptical shape of the 2D contour plot in Fig. 5b suggests the high significance of the interaction among the two parameters. Cutinase activity of 8,835.50 U ml 1 was observed at optimum levels of pH (7.9) and temperature (36.4 C). After optimization of process parameters, cutinase activity was increased by 1.3-fold in the purified sample. An overall 1.42-fold increase in activity was observed after optimizing both the assay and process conditions.
Enzyme deactivation studies
The deactivation rate is proportional to the active en- Vol. 59 DUTTA, KRISHNAMOORTHY, and DASU (Table 6 ). The above-mentioned minimum deactivation constant was found at 40 C with pH 6 as well as pH 7. The deactivation process was found to be faster at higher pH (pH 8, pH 9) than lower pH (pH 6, pH 7) for cutinase. These results demonstrate that the enzyme is more stable at pH 6 and pH 7 at higher temperatures ( 40 C) although at 40 C the enzyme is stable for more than 20 h at pH 8 and 1 h at pH 9.
Estimation of thermodynamic parameters
The change in enthalpy and entropy was calculated by transition state theory (Eq. 4). The results are shown in Table 6 for purified cutinase from P. cepacia NRRL B 2320. Solvent and structural effects are the two major factors which influence the numerical values of ∆H * and ∆S * . An increase in entropy and enthalpy values was observed when pH increased from 6 to 7. Beyond pH 7, there is a decrease in both the entropy and enthalpy. The values of ∆G * (calculated from Eq. 5) are given in Table 6 for the enzyme. The decrease in entropy and enthalpy values was observed with an increase in pH. Probably, at higher pH, the stable threedimensional structure of the active site of the enzyme gets altered, resulting in a decrease in residual activity. Positive values of ∆H * would be expected for the breaking of hydrogen bonds as well as for the exposure of hydrophobic groups from the interior of the native protein during the deactivation process. Such events would raise the energy of the protein-water solution. The positive value of ∆S * indicates that the protein solution became more disordered as it was deactivated by temperature (Garret and Grisham, 1999) . The increase in ∆S * demonstrates an increase in the number of protein molecules in a transition-activated state, which in turn, gives lower values of ∆G * . The temperature dependency of the first-order deactivation rate constant was studied by the Arrhenius equation (Eq. 6). The activation energy (E A ) and frequency factor (k 0 ) were estimated from that equation and they are shown in Table 6 . It was found that the maximum activation energy at optimum pH and further increase in pH, results in a decrease of activation energy. The deactivation energy increased at higher temperatures suggesting that cutinase requires more energy to deactivate. This is in agreement with the result that the cutinase is more stable at pH 6 and pH 7 at 40 C rather than pH 8 and pH 9.
Conformational change of cutinase during thermal deactivation
Tryptophan proved to be an important intrinsic fluorescent probe (amino acid), which is used to estimate the nature of the microenvironment of the residue. From the fluorescence spectra (Fig. 6 ) a red shift of λ max 10 nm, and decrease in intensity was observed with an increase in temperature for all combinations of pH levels. At room temperature and 40 C there was no change in spectra, which suggests that the protein retains its native form at these temperatures, whereas the further increase in temperature results in a gradual decrease in intensity and red shift in wavelength.
The disorderedness of deactivated protein at higher temperatures was further confirmed by CD spectral analysis (Fig. 7) . From the CD spectra, it was observed that there was an increase in ellipticity θ (mdeg) from 208 to 220 nm as the temperature increased from room temperature to 70 C. This increase in ellipticity value shows that there was loss of α-helixes (208 nm and 220 nm) and β-sheet structures (218 nm) at higher temperatures. The minimum ellipticity was observed at room temperature and the change in ellipticity was much less when the temperature increased up to 50 C. However, at 60 C and 70 C the prominent increase in ellipticity was observed. This observation suggests that the enzyme retains its secondary structure at 40 C and 50 C but loses the same when incubated at 60 C and above. Moreover, there was a decrease in ellipticity with increasing temperature near 200 nm, which reveals that the rise in temperature results in disorderedness of the protein. This trend is similar for all four pH levels. Previously, Melo et al. (2001) had also observed the loss of α-helix structure upon unfolding of cutinase at higher temperatures and in the presence of guanidine hydrochloride.
Identification, cloning and expression of cutinase encoding genes
PCR with both Set 1 and Set 2 of primers showed 1 kb amplification (Fig. 8 ) and the BLASTn result of the sequence of the genes with Set 1 (corresponding to 960 nucleotides) and Set 2 (corresponding to 906 nucleotides) primers showed complete homology with Gene YP_288943 and YP_288944 of Thermobifida fusca cutinase, respectively. The similarity in the cutin-Vol. 59 DUTTA, KRISHNAMOORTHY, and DASU ase genes in two different bacteria may be due to horizontal gene transfer (Furushita et al., 2003) . Previously Furushita et al. (2003) also reported 100% sequence similarity of a tetracyclin resistance gene between one fish farm B strain and Aeromonas salmonicida, Salmonella enterica serovar Typhimurium. SDS-PAGE showed the induced cutinase band near 29 kDa (Fig.  9a and b) . The difference in the size of wild-type cutinase (26.2 kDa) and the recombinant cutinase ( 29 kDa) would be due to the presence of a native signal peptide (59 amino acids and 41 amino acids for cut_1 and cut_2, respectively) in the recombinant cutinase. As depicted in Fig. 10 , the activity (towards p-NPB) in wild P. cepacia was 190 U ml 1 which is similar to the cutinase expression by each of the two genes individually, and the expression of both recombinants cutinases (cut_1 and cut_2) (387.46 U ml 1 ) was increased 2-fold to that of the cutinase from wild P. cepacia (190 U ml 1 ).
Conclusion
A novel cutinase from P. cepacia with high solvent and surfactant tolerance was purified to homogeneity with 89.84-fold purification and 17.56% of yield. The molecular size of the purified protein was found to be 26.25 kDa by MALDI-TOF-MS analysis. The cutinase was found to be stable in a broad range of pH (6.5 9.5) and temperature (35 60 C). The activity of cutinase was increased by 1.42-fold under optimal assay and process conditions. The estimated thermodynamic parameters, the red shift observed in fluorescence spectra, and the change in ellipticity in CD spectra suggest that the deactivation of the enzyme is due to a change in the secondary structure of the enzyme. Cutinase-encoding genes were identified, cloned and expressed in E. coli BL21 (DE3). The identified genes showed similarity to bacterial cutinase. 
